Purpose Our aim was to clarify the effective decrease in blood transfusion after primary total knee arthroplasty (TKA) from a multimodal blood-loss prevention approach (MBLPA) and the related risk factors of blood transfusion. Methods We retrospectively compared the rate of postoperative blood transfusion in 418 cases of primary TKA during 2010 from a single institution with two different groups of patients, allocating cases to the group with MBLPA (group 1, study group, N =71) and controls to the group without MBLPA (group 2, standard group, N =347). MBLPA procedure included pre-operative haemoglobin (Hb) optimisation; femoral canal obturation; limited incision and release; periand intra-articular use of saline with adrenalin, morpheic chloride, tobramycin, betamethasone and ropivacaine; tourniquet release after skin closure; 24 hour drain under atmospheric pressure; and two doses of tranexamic acid (TXA) IV. In the control group, surgeons followed the standard procedure without blood-saving techniques. Case-control comparison and blood transfusion risk factors were analysed. Results Group 1 had a zero transfusion rate (0/71), whereas 27.4 % of patients (95/347) in group 2 received allogenic blood transfusion. Significant transfusion risk factors were pre-operative Hb <12 g/dl), American Society of Anesthesiologists (ASA) status III and nonobese body mass index (BMI); Age and gender were not significant risk factors. Conclusions MBLPA in primary TKA was highly effective, with a zero transfusion rate. Risk factors for transfusion were determined, and eliminating them contributed to the avoidance of allogeneic blood transfusion in our study series.
Introduction
Total knee arthroplasty (TKA) is classically associated with blood loss, requiring allogenic blood transfusion at variable rates among different series: weighted average 44 %, range 9 -84 % in a systematic review [1] . Even higher rates were observed in pre-operative autologous blood donation [2] ; this procedure has long been considered as not being cost effective [3] . Although some institutions still maintain pre-operative autologous donation to decrease allogenic transfusion [4] , it did not appear to be effective in TKA, with a nonstatistically significant difference between autologous donors (21 % allogenic) and nondonors (27 %). Allogenic blood transfusion remains a standard treatment in case of postoperative anaemia after TKA, and two units packed red blood cells are routinely prepared pre-operatively for TKAs in many institutions. However, the risks of allogenic blood transfusions are well established [5] , and careful transfusion indication, together with the use of antifibrinolytic medications such as tranexamic acid (TXA), can minimise the transfusion rate in TKA [6] .
With currently available evidence, it is obvious that both autologous and allogenic blood transfusions in TKA are reducing and that both safety and cost-effectiveness criteria favour blood-saving strategies with the aim of avoiding transfusions secondary to TKA. Among those strategies, TXA administration has proved to effectively decrease transfusion rates, particularly in meta-analyses of trials [7] [8] [9] and with repeated dose [10] . Interest remains in clarifying how blood transfusion can even be effectively avoided after TKA.
The administration of TXA alone in TKA may not produce a clinically relevant decrease in transfusion rate when this rate is low. A recent, large cohort retrospective study [11] found a significant decrease, from 6.5 % to 0.3 %, in transfusion rate when TXA was used, further confirming the well-known effects of blood-loss management programmes in large populations. However, a recent clinical trial of TXA administered IV in TKA [12] compared with controls under contemporary blood-saving protocols without TXA could not prospectively confirm a significant difference in transfusion rate (7 % vs 1 %). The authors concluded that TXA administered IV reduced total blood loss but raised the issue that the effects on transfusion rate can differ among groups of surgical procedures and among patients, particularly if the other techniques are combined in a blood-saving protocol. On the other hand, patient characteristics influence the transfusion rate. Pre-operative haemoglobin (Hb) is a predictor of postoperative transfusion needs in retrospective [13] and prospective [14] studies and clinical trials [15] . No consensus exists about the threshold of Hb or haematocrit. The importance of patient age, weight and comorbidities are of variable significance among studies, and a recent systematic review stressed the low quality of available data and the need for additional analytical approaches in order to obtain a better understanding of transfusion requirements in orthopaedic procedures [1] . The two study questions addressed in our study were: (1) How much does a multimodal blood-loss prevention approach (MBLPA) minimise the blood transfusion rate after primary TKA? (2) What are the risks factors of blood transfusion?
Patients and methods
We conducted a retrospective case-control comparative study assessing all patients with unilateral primary TKA during 2010 at our institution, which has two orthopaedic surgical groups by which this procedure is performed. The surgical groups comprise four and ten senior orthopaedic surgeons, respectively. In the study period, 470 patients >18 years underwent primary TKA. Forty-two cases were dropped due to incomplete information. We created two comparative groups: group 1, study group using the MBLPA; and group 2, standard group in which the MBLPA was not used; 71 patients were allocated to group 1 and 347 to group 2. The difference was because four surgeons in group 1 adhered to the MBLPA whereas ten in group 2 did not. Patient demographics and clinical data were similar between groups, as shown in Table 1 .
In group 1, surgeons adhered to an MBLPA that included tourniquet with 100 mmHg above systolic pressure, released after skin closure; pre-operative Hb evaluation and, if <g/dl, pre-operative treatment IV with iron; surgical blood-saving protocol, including femoral canal obturation with bone graft, 24 hour drain without vacuum and opened two hours after closure and intra-articular infiltration of posterior, medial and lateral capsule and ligaments, before closure, with 80 cc saline with adrenalin 300 µg, morpheic chloride 10 mg, tobramycin 100 mg, betamethasone sodic phosphate 6 mg, betamethasone acetate 6 mg, and ropivacaine 200 mg; IV-administered TXA in two doses: 15 mg/kg in 100 cc saline slowly infused over 15-20 minutes before tourniquet release, and a second identical dose after three hours.
In group 2, surgeons followed the standard procedure without a particular blood-saving technique (tourniquet 350 mmHg, released before skin closure for electrocoagulation of bleeding; no limits to or treatment of pre-operative Hb; no femoral canal obturation, 24-to 48 hours vacuum drain (opened with skin closure, no intra-articular infiltration); no TXA administration.
All patients followed a thromboprophylaxis protocol consisting of a daily dose of low molecular weight heparin. This was adjusted to treatment dosage, if necessary, in patients already taking anticoagulants orally and discontinued 5 days before surgery. Acetylsalicylic acid was interrupted by the patient before surgery if taking >300 mg daily; patients taking <100 mg daily were permitted to continue.
The retrieved information included demographic data (sex, age, weight, height); clinical data [date of diagnosis, surgery and discharge, comorbidities, drug intake, American Society of Anesthesiologists (ASA) pre-operative risk status, preoperative Hb optimisation]; transfusion records (number of packed red blood cell units infused; transfusion date); presurgery and discharge laboratory records (Hb, hematocrit); and the hospital healthcare team the patient was allocated to.
Body mass index (BMI) was calculated and classified as BMI III (>40), BMI II-I (30-40) and normal-preobesity (18.5-30) . ASA status was further categorised into ASA I-II and ASA III. Hb was categorised in three intervals (<12 g/dl, 12-13 g/dl, >13 g/dl) to clarify the possible thresholds of 12 and 13 g/dl, respectively. Repeated laboratory tests, including haematocrit and Hb determinations, were performed postoperatively in the recovery unit day one and at discharge.
The primary endpoint of the study was the administration of allogenic blood transfusion at any point during the postoperative course before discharge from either orthopaedic unit.
The need for transfusion was determined in both groups by the orthopaedic surgeon on call, if patient Hb was <8.0 g/dl or if symptoms of acute anaemia (dizziness, nausea, asthenia, mucocutaneous pallor) were present with Hb between 8.0 and 10.0 g/dl. In patients with cardiovascular or pulmonary 
Results
In 2010, the mean prevalence of blood transfusion after primary TKA at our institution was 23 % (n =95/418), with a mean of ±1.35 packed red blood cells per patient (minimum one-maximum four). When transfusions were compared for surgeries performed in each of the two surgical groups with different strategies toward blood-loss management, significantly different transfusions rates were found: mean in group 2 was 27 % (n =95/347), and group 1 patients required zero transfusions (n =0/71) ( Table 2 ). Patient characteristics in both groups were statistically similar, except for pre-operative Hb and haematocrit, as described in Table 1 , although the average in both was >13.5 mg/dl. The reported intake of acetylsalicylic acid was 11 % higher in group 2 (discontinued one week before surgery), but this variable was not identified as a transfusion risk factor in the logistic regression (OR=1.2; p =0.508) ( Table 3) . Data indicate that surgical-group allocation played an important role in the probability of patients requiring blood transfusion after TKA. As patient, surgeon and general setting characteristics did not differ, this finding is explained by the blood-loss management technique and the prevention protocol used in group 1, as described above.
Almost 10 % of patients in group 1 (n =7/71) received pre-operative Hb optimisation (based on iron administration IV) as a preparation for TKA surgery. Their mean Hb concentration on the day of surgery was 12.9 ± 0.8 g/dl (minimum/ maximum range 11.9-14.3), which was still significantly lower than patients who did not receive iron treatment (14.2 ± 1.2 g/dl) in the same surgical group (p =0.005) (Fig. 1a) . When addressing differences in pre-operative Hb between groups, patients with and without transfusion and those with and without iron treatment, it became evident that patients with iron treatment IV in group 1 were not statistically different from those requiring transfusion in group 2 (p =0.779). Also, patients who did not receive iron treatment in group 1 were not statistically different from those not requiring transfusion in group 2 (p =0.123).
When comparing laboratory data at discharge, group 1 with zero transfusions showed a statistically higher Hb concentration (10.9 ± 0.9 g/dl, range 8.9-13.5) than group 2 (10.3 ± 7.6 g/dl, range 7.6-15.9) despite including patients in group 2 who received transfusion (Fig. 1b) . At discharge, there were no statistically significant differences (p =0.387) in Hb in group 1 between subgroups pretreated and not pretreated with iron (mean 10.5 ± 0.4 g/dl; minimum/maximum 9.8-10.9 vs 10.9 ± 0.9 g/dl; minimum/maximum 8.9-13.5, respectively).
The main risks factors found to influence a significant logistic regression were pre-operative Hb concentration, ASA status and BMI adjusted for age and sex, as displayed in Fig. 2 and numerically described in Table 3 . Patients with a pre-operative Hb determination <12 g/dl had five times more MBLPA multimodal blood-loss prevention approach risk of been transfused (OR=4.7) than those with Hb level >13 g/dl, adjusted for the other variables in the model. Also, patients with Hb between 12 and 13 g/dl had three times more risk than those >13 g/dl. An ASA status of III increased the probability of being transfused (OR=1.7) by almost two times compared with ASA I-II. A nonobese BMI was also a risk factor for transfusion compared with BMI I-III (correlation between Hb and BMI was not statistically significant, with rho = 0.10 (p =0.14). A combination of those three factors estimated a probability of blood transfusion of >70 %.
Discussion
Transfusion rates for unilateral primary TKA reports in the past decade have been high. Most hospitals have now adopted protocols to decrease the allogenic blood transfusion rate, which is now <10 %. This is why a zero transfusion rate after TKA can be a realistic goal. This goal was achieved in one of our surgical groups, which impelled us to scrutinise the risk factors for transfusion and the differences in patient blood management. This study has several limitations. A prospective, randomised study would be the best option to compare blood-loss management techniques, but it is doubtful whether comparison with placebo or surgical technique with no bloodloss prevention is ethically acceptable after the available metaanalysis and systematic reviews confirming the benefits of blood-loss management. Also, the number of patients in this study was limited because after the results seen at the end of 2010, surgeons in group 2 modified their blood-loss management approach, incorporating techniques to decrease blood loss in TKA procedures. Again, it is probably not ethical to prospectively reproduce this study in view of the a) Haemoglobin 
Transfusion (Group 2)
Mean=10.2±1.0 Min:Max=7.6:13.7 Fig. 1 Differences in mean concentration of haemoglobin (g/dl) among patient groups. a Pre-operative haemoglobin (Hb) level. b Hb at discharge. Block 1 patients operated at the surgical block where pre-operative Hb optimisation, surgical technique to decrease blood loss and tranexamic acid (TXA) administration IV were performed. Block 2 patients operated without blood-loss prevention protocol. Iron subset of patients in Block 1 who received pre-operative Hb optimisation based on iron administration. No iron subset of patients in Block 1 who received no iron treatment pre-operatively overwhelming amount of literature supporting the use of blood-loss-control protocols. The number of patients studied per surgical team was also different (71 vs 347) due to the number of surgeons in each group. However, the power of the analysis was statistically adequate (0.80 for pre-operative Hb and 0.99 for Hb at discharge). Although surgeons were grouped based in their preferences regarding blood-loss prevention in 2010 (groups 1 and 2), all covered TKA surgery as well as other reconstructive procedures, had a standardised technique and their qualifications were deemed equivalent between groups; the only detected difference was their approach to blood-loss management. Regarding the logistic regression model, the pseudo-R 2 was low, but the model was found to be significant ( p R 2 =0.009, p <0.001). Finally, as is common in retrospective studies, we encountered lost information that forced us reduce the number of analysed cases, particularly lost cases that were referred and the perioperative labs were not retrospectively available in the electronic file. However, lost cases were <9 %.
We attained a zero transfusion rate in group 1, was noted previously in our setting [1] as in recent studies (1/330 with TXA IVand 0/130 with TXA topically) [11] . The contribution of our study is that this zero rate (0/71) was obtained in a similar patient population as those in group 2, in whom the transfusion rate was 27.4 % (95/347), therefore confirming the effectiveness of the applied protocol. Furthermore, the subset of patients with pre-operative optimisation of Hb in group 1 had statistically similar pre-operative Hb than patients in group 2 requiring transfusion. This observation further confirms the role of the blood-loss prevention protocol to avoid transfusions in this set of patients. Again, Hb at discharge further confirmed that patients from group 1 lost significantly less blood than patients from group 2 who received no transfusion, although pre-operative Hb between these two sets of patients was statistically similar. We consider that these findings provide further proof about the role of surgical protocols-including many surgical gestures, not only TXAindependent of pre-operative Hb. We consider that if the aim is zero transfusion rate, all these factors are required in a global strategy, and this can be achieved, as we confirmed in our study. Other authors suggest that computer-assisted surgery could also decrease blood loss [16] , but it is worthy to note that we achieved our goal without this technique.
A most interesting part of our study was the comparison between the two sets of patients with and without blood-loss prevention protocol. Patient allocation could be safely performed in retrospect because in 2010, surgeons in both groups were adopting standardised procedures with divergence in blood-loss management, as expressed above. Although preoperative Hb was slightly higher in the set of patients that required no transfusion (group 1), this was similar to the subset of patients that required no transfusion in group 2, although postoperative Hb was significantly higher in group 1 under the blood-loss-prevention protocol (femoral canal obturation with bone graft, limited incision and soft tissue release, peri-and intra-articular infiltration, tourniquet release after skin closure, 24 hours drain under atmospheric pressure without vacuum and opened only one hour after skin closure, and two doses of TXA administration IV, as described elsewhere) [17] . These results are in full agreement with the literature, highlighting the potent effects of TXA in reducing blood loss [4, 7, 11, 18] . Intra-articular administration of TXA [18] or platelet-rich plasma (PRP) [19] also decreases blood loss and even joint swelling or pain. These techniques, still under evaluation, should be carefully considered. However, IV administration of TXA alone in TKA may not produce a clinically relevant decrease in the transfusion rate. A recent, large-cohort, retrospective study [11] found a significant decrease, from 6.5 % to 0.3 %, in transfusion rate with TXA IV, further confirming the well-known effects of blood-loss management programmes. A recent clinical trial of TXA IV in TKA [12] with controls under contemporary blood-saving protocols without TXA observed a nonsignificant difference in transfusion rate (7 % versus 1 %), concluding that TXA IV reduces total blood loss, although the effects on transfusion rate can differ. We observed a 27.4 % transfusion rate (95/347) in group 2 patients, greater than in the above-mentioned studies. Indirectly, we conclude that without any blood-loss protocol, transfusion rate is much higher than with such a protocol without TXA, as shown in the above-mentioned studies, and this further reinforces the need for multimodal blood-loss-prevention protocols. Focusing on a recent systematic review that requested more data on transfusion after TKA [1] , our results confirmed that pre-operative Hb >13 g/dl is a safe threshold to avoid transfusion. The risk of transfusion rose three times when preoperative Hb was <13 g/dl and five times when <12 g/dl. We found that the threshold of 12 g/dl, as supported by a recent study [20] , can be elevated to 13 g/dl, and this may lead to a zero transfusion rate, particularly if all the other aspects of blood-loss prevention are incorporated in the protocol.
We also confirmed that gender and age were not major determinants of transfusion, in coincidence with other authors [14, 15] but in disagreement with authors who considered age [21] . The difference inf our study may be patient age-mostly between 70 and 80 years in our series-which could make our series less sensitive when studying the age influence. However, we determined that higher BMI was associated with reduced transfusion risk (adjusted for gender and age), even if there was no correlation between obesity and pre-operative Hb. We also found, as did other authors [1] , that comorbidities (ASA III) were associated with higher transfusion risk compared with ASA I or II (OR=1.7) .These are patient characteristics that cannot be avoided but should suggest caution regarding appropriate pre-operative evaluation and eventual treatment of the most important determinant, such as preoperative Hb concentration. If this is above the safety threshold of 13 g/dl before TKA surgery, the case would be less prone to transfusion.
In conclusion, we found that MBLPA in primary TKA was effective, with a zero transfusion rate. Patients with preoperative Hb <13 g/dl, nonobese patients and ASA III patients were at higher risk of blood transfusion. Patients with a pre-operative Hb determination <12 g/dl had five times more risk of being transfused than those with Hb >13 g/dl. Also, patients with Hb between 12 and 13 g/dl had three times more risk than those >13 g/dl. ASA III status increased the probability of being transfused almost two times compared with ASA I-II. A nonobese BMI was also a risk factor for transfusion compared with BMI I-III. A combination of those three factors estimated a probability of blood transfusion >70 %.
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